A 1-perfect code C n q is called Hamiltonian if its minimum distance graph G(C n q ) contains a Hamiltonian cycle. In this paper, for all admissible lengths n ≥ 13, we construct Hamiltonian nonlinear ternary 1-perfect codes, and for all admissible lengths n ≥ 21, we construct Hamiltonian nonlinear quaternary 1-perfect codes. The existence of Hamiltonian nonlinear q-ary 1-perfect codes of length N = qn + 1 is reduced to the question of the existence of such codes of length n. Consequently, for q = p r , where p is prime, r ≥ 1 there exist Hamiltonian nonlinear q-ary 1-perfect codes of length n = (q m − 1)/(q − 1), m ≥ 2. If q = 2, 3, 4, then m = 2. If q = 2, then m = 3.
Introduction
Let F n q be a vector space of dimension n over the Galois field F q . The Hamming distance between two vectors x, y ∈ F n q is the number of coordinates in which they differ and it is denote by d(x, y). An arbitrary subset C n q of F n q is called q-ary 1-perfect code of length n, if for every vector x ∈ F n q there exists a unique vector c ∈ C n q such that d(x, c) ≤ 1. It is known that q-ary 1-perfect codes of length n exist only if n = (q m − 1)/(q − 1), where m is a natural number not less than two. We shall assume that the all-zero vector 0 is in code. A code is called linear if it is a linear space over F q . The linear 1-perfect codes are called Hamming codes.
The sum of the vectors x, y ∈ F . . , τ n of q elements in Galois field F q and permutation σ of the n coordinates such that D
For q ≥ 5 there are nonlinear q-ary 1-perfect codes that are isometric to the Hamming codes. Therefore, for q ≥ 5 and for all admissible lengths there are nonlinear q-ary 1-perfect codes whose minimum distance graphs contain a Hamiltonian cycle.
The question of the existence of Hamiltonian nonlinear binary 1-perfect codes remained an open for a long time. The existence of Hamiltonian nonlinear binary codes for all admissible lengths n ≥ 15 was constructively proved in [4] .
In this paper, for all admissible lengths n ≥ 13, we construct Hamiltonian nonlinear ternary 1-perfect codes, and for all admissible lengths n ≥ 21, we construct Hamiltonian nonlinear quaternary 1-perfect codes. The existence of Hamiltonian nonlinear q-ary 1-perfect codes of length N = qn+1 is reduced to the question of the existence of such codes of length n. Consequently, for q = p r , where p is prime, r ≥ 1 there exist Hamiltonian nonlinear q-ary 1-perfect codes of length n = (
It remains an open question of the existence of a Hamiltonian cycle in the graph formed by the two middle levels of n-dimensional binary hypercube, where n is odd. Also, is not proved Lovász conjecture, which states that the every finite connected vertex-transitive graph contains a Hamiltonian path.
Let H Let x = (x 1 , x 2 , . . . , x n ) ∈ F n q . Then, the support of vector x is the set supp(x) = {i :
. In the projective space P G m (q) of dimension m, we consider the pencil of lines through a point i, where i ∈ {1, 2, . . . , N }. It is known that the pencil of lines contains n lines which will be denoted by l 1 , l 2 , . . . , l n . Denote by H N q (l p ) the subcode of the code H N q defined by the line l p , p ∈ {1, 2, . . . , n}. Let
All cosets R 
Main results
Consider the vector x ∈ F n q such that its supp(x) is m−2 dimensional hyperplane. Denote by F n q (x) the set of all vectors v ∈ F n q such that supp(v) ⊆ supp(x).
Lemma 1. Let i /
∈ supp(x) and u ∈ F n q (x). Then, the intersection
contains only one vector.
Proof. Let l p be an arbitrary line through the point i. Since i / ∈ supp(x), it follows that any line passing through the point i intersects with the hyperplane supp(x) only at one point. Hence the intersection of H Proof. Consider the construction of nonlinear q-ary 1-perfect codes proposed in [2, 6] . This construction is a generalization of the construction from [7] . We assume that the columns of parity-check matrix of the Hamming code H N q are ordered lexicographically. The vectors of the space F N q will also be considered as words of length N over an alphabet {0, 1, . . . , q − 1}. Let
where the vector 0 ∈ F (qn−n+1) q , i ≥ n + 1 and the vertical bar ( | ) denotes concatenation. Formula (1) is a certain modification of the construction from [2, 6] . Lemma 1 implies that the set D 
Statement 1. Let i /
∈ supp(x) and u ∈ H n q . Then, the intersection
Proof. Let l p be an arbitrary line through the point i. Since i / ∈ supp(x), it follows that any line passing through the point i intersects with the hyperplane supp(x) only at one Proof. We can construct the nonlinear ternary 1-perfect codes of length n = 13 by switching of i-components of the ternary Hamming code H 13 3 and inspect by computer that the minimum distance graphs of these codes contain a Hamiltonian cycle. If we use Statement 2, then the construction of Hamiltonian nonlinear ternary 1-perfect codes of length n = 13 will be simple. Similarly we can construct the Hamiltonian nonlinear quaternary 1-perfect codes of length n = 21. The theorem is proved.
